SUMMARY Liver biopsy specimens previously taken from 16 haemophilic patients with chronic non-A, non-B hepatitis were reviewed. The degree of fibrosis correlated with serum procollagen III peptide (sPIIIP) concentrations, measured both at the lime of biopsy and 4-25 years later. Two patients with extremely high sPIIIP concentrations had collateral veins on computed tomography, suggesting portal hypertension. Twenty eight of 47 patients (60%) had splenomegaly on computed tomography, and of 28 patients in whom intravenous contrast medium was used, seven (25%) had collateral oesophageal veins.
Liver function tests are often abnormal in patients with haemophilia who have received coagulation factor concentrates. 1^4 Liver biopsy in patients with haemophilia carries an increased risk, 5 and consequently there have been few reports of serial liver biopsy specimens taken from this group of patients. 67 The aim of this study was to use two non-invasive methods to assess the progression of liver disease in haemophilic patients. Computed tomograms, both with and without intravenous contrast, were used to measure portal vein diameter, the size of the liver and the spleen, and to detect the presence of collateral veins. Serum procollagen III peptide (sPIIIP) concentrations which have been shown to reflect the inflammatory activity and degree of established fibrosis in patients with chronic liver disease, 8 were correlated with the histological findings from a series of liver biopsy specimens taken from 16 patients between July 1978 and April 1983, and with abdominal computed tomograms.
Patients and methods
Liver biopsies had been performed on 16 patients with chronic non-A, non-B hepatitis between 1978 and 1983, 9 The median age at the time of biopsy was 32-5
Accepted for publication 5 May 1988 1039 years (range 9-61 years). Fourteen patients had severe haemophilia A, one had moderate haemophilia B, and one was a female carrier ofhaemophilia A. In 1984 (an average of 4-25 years later, range one-six), these patients had the progression of their liver disease evaluated by abdominal computed tomogram enhan ced by contrast medium to measure the size of the liver and the spleen, and the diameter of the portal vein, and to detect the presence or absence of collateral veins. Three patients had repeat computed tomograms carried out in 1986. An additional 32 patients, 28 with severe haemo philia A, one with mild haemophilia A, two with haemophilia B (one mild and one severe), and one with severe von Willebrand's disease, had abdominal com puted tomograms carried out between 1983 and 1986. The median age was 28 years at the time of the computed tomogram (range 13-65). All had evidence of persistently or intermittently raised aspartate tran saminase (AST) activity (>40 iu/1) for at least 12 months.
Computed tomograms were carried out in 12 patients who did not have liver disease but who had the scans for other reasons. The median age was 57 years (range 37-71).
For the unenhanced abdominal computed tomogram, slices 8 mm thick were taken from the diaphragm to the lower border of the liver and spleen. abdominal computed tomogram, 100 mi 10 hexol (Omnipaque 350) was injected intravenously, 50 ml as a bolus and 50 ml as an infusion during the scan sequence. The first scan was taken at the level of the portal vein to ensure maximum concentration, and continued to the lower border of the liver and spleen. The upper liver and oesophagus were then scanned using 8 mm thick slices; a 15 mm table feed was again used. The portal vein was measured at its maximum diameter.
A radioimmunoassay (RIA-gnost procollagen-IIIpeptide, Hoechst, Marburg, Germany) was used to measure sPIIIP in the 16 patients who had had their livers biopsied. Measurements were made within six months of the biopsy and at the time of the computed tomogram. All serum samples were stored at -40°C until assayed.
Liver biopsies had been performed to assess chron ically raised aspartate transaminase activities. The specimens were reviewed without knowledge of the other data by the histopathologist. The degree of fibrosis was graded (0 = none, 1 = portal expansion, 2 = septa, 3 = linkage of structures, 4 = cirrhosis).
HIV antibody was assayed using a commercially available competitive enzyme immunoassay (Wellcozyme, Wellcome Diagnostics, Dartford, England).
Statistical analysis of the data was by the nonparametric Mann-Whitney U test, using the Minitab statistical package.
Results
The results of examination of the biopsy specimens have previously been reported.' After review the final histological diagnoses of the 16 were: chronic lobular hepatitis (n = 1); chronic persistent hepatitis (n = 3); mild chronic active hepatitis (n = 9); and moderate chronic active hepatitis (n = 3) (table) .
One biopsy specimen in case 1 showed no fibrosis and the sPIIIP concentration was within normal limits (normal range 7-12 ng/ml). Seven of nine liver biopsy specimens that showed grade 1 fibrosis, both liver biopsy specimens that showed grade 2 fibrosis, and all three that showed grade 3 fibrosis had abnormal sPIIIP concentrations. There was no correlation, however, between the concentration of sPIIIP and the degree of fibrosis. The sPIIIP concentrations had increased by the time of the computed tomogram in four of nine patients whose biopsy specimens showed grade 1 fibrosis, in one of two patients whose biopsy specimens showed grade 2 fibrosis, and in two of three patients whose biopsy specimens showed grade 3 fibrosis. Pronoun ced increases in sPIIIP concentrations (>40 ng/ml) were associated with grade 2 or 3 fibrosis in three of four patients.
Patients who had collateral veins, hepatomegaly, or splenomegaly had higher (but not significantlyp = 0-13) concentrations of sPIIIP than those patients who had no abnormality (fig 1) . Two patients (cases 13 and 16) had concentrations of sPIIIP of greater than 100 ng/ml and both had varices on computed tomogram (in case 16 varices were seen at the time that the sPIIIP was measured, and in case 13 were seen two years later). The liver biopsy specimen from case 13 in June 1980 showed mild chronic active hepatitis and this had also progressed to cirrhosis in the liver specimens taken at necropsy in June 1987 after death from liver failure. The liver biopsy carried out in April 1980 on case 16 showed moderate chronic active hepatitis, and this had progressed to cirrhosis in the post mortem liver at necropsy in April 1986 after death from AIDS.
Seven of the 16 patients had antibodies to HIV at the time of liver biopsy. At the time of the computed tomogram, 11 of the 16 patients had been seropositive for HIV for a median of 3*6 years (range 1-2-4-4) ( fig  1) . Two patients (cases 7 and 16) died of AIDS in 1986.
Twenty eight of 47 patients (60%) had spleno megaly and 14 of 47 (30%) had hepatomegaly. Oesophageal collateral veins (varices) were seen in seven of 28 patients (25%) in whom intravenous contrast medium was used. The abdominal computed tomogram of case 13 ( fig 2) after injection of contrast medium showed varices. Measurements of the diameter of the portal vein in 28 patients and 12 controls are shown in fig 3. The median diameter of the portal vein in the control subjects was 1 -35 cm (range 1-2-1-5). The overall median value of the patients' portal veins was 1*40 cm (range 1 -0-2-0). The median diameter of the patients' porta! veins was not sig nificantly greater than that of control patients (P = i-oo).
Discussion
The high incidence of abnormal results of liver function tests in patients with haemophilia has been well documented 1 " 4 and a number ofliver biopsies have been carried out to determine histological abnor malities.
34 "" Hepatic cirrhosis (an irreversible lesion leading to portal hypertension and oesophageal varices) results from the synthesis and deposition of excessive collagen, and this is normally best assessed by examination of liver biopsy specimens." It is of concern that all but one of the 16 haemophilic patients in our study showed fibrosis on examination of biopsy specimens. This confirms the severity of the liver disease in this group of patients that has been suggested by some investigators. 7 Others, however,
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Miller, he have suggested that the liver disease is normally not progressive. 6 Biopsy in this group of patients has an increased risk: there is a reported mortality of 1% compared with 0*01% in non-haemophilic patients. 5 When a liver biopsy specimen cannot be obtained, serum markers of increased collagen synthesis may be used to assess the risk of progression to cirrhosis. Frei et al concluded that measurement of the sPIIIP "reliably reflects activity and degree of liver fibrosis". 12 In this group ofhaemophilic patients, however, although the sPIIIP concentration was abnormal in all but one patient who had chronic lobular hepatitis-and, by definition, no fibrosis-there was no correlation between the concentration of sPIIIP and degree of fibrosis. Thus although the concentration of sPIIIP reflects inflammatory changes in the liver it cannot be considered as an absolute index of hepatic fibrosis. 13 Weigand et al have shown that a persistent rise in the sPIIIP concentration suggests continuing fibrosis and developing cirrhosis.' 4 In this study the two patients who showed considerable increases in sPIIIP concen trations had grade 3 fibrosis and had progressed to varices that were visible on computed tomogram. It is noteworthy that this information was obtained with out the risk of repeat liver biopsy. Subsequently, evidence for progression ofliver fibrosis was shown by the finding of cirrhosis at necropsy thus confirming the prediction of the sPIIIP concentrations.
The dominant causative agents for hepatitis in the haemophilic patient are thought to be non-A, non-B hepatitis viruses. 915 These viruses are probably cytopathic 16 and in the presence of concurrent infection with HIV, which is immunosuppressive, there is likely to be acceleration of the underlying liver disease. It is therefore relevant that of the two patients who died from AIDS, both had varices and one had cirrhosis together with an extremely high sPIIIP concentration. Conversely, those patients who were seronegative for HIV did not have high concentrations of sPIIIP, and the sizes of the livers and spleens were normal. Thus the HIV retrovirus is yet another virus that may have a modulating influence on the hepatitis occurring in haemophilic patients. 17 Computed tomograms were helpful in assessing these patients, and a high incidence of splenomegaly and hepatomegaly was found, A similar result was reported in haemophiliacs by Johnson et al. n This may represent progressive liver disease with portal hyper tension, but the continued injection of clotting factor concentrates containing a variety of antigens may also contribute to splenomegaly. The extra hepatic portal venous system can be shown with post contrast computed tomography (CCT).
, 9 The high incidence of oesophageal varices shown by this technique suggests that these patients had developed portal hypertension.
Karayimnis, Hamilton-Dutoit, Dick, Thomas. Kemoff This is consistent with the observation of Hay et a f that progressive liver disease is now a problem in patients with haemophilia. 7 Ultrasound scans have been used to measure the diameter of the portal vein for the non-invasive diagnosis of extra hepatic portal venous obstruction 20 but we know of no previous report of the use of CCT. Weinreb et al suggested that a portal vein diameter greater than 13 mm is a characteristic sign of portal hypertension. 21 In this group of haemophilic patients the measurement of the diameter of the portal vein was not useful in diagnosing portal hypertension.
The most reliable investigation for assessing the extent of liver fibrosis is still the examination of the liver biopsy specimen by an experienced histopathologist. In haemophilic patients, however, in whom progression of the liver disease may occur over many years, follow up with repeated liver biopsy carries a risk. For the patient with haemophilia even endoscopy is a comparatively invasive procedure, and therefore injection of contrast medium to establish the presence of varices is justified and helpful. In our study sPIIIP measurement together with computed tomograms have provided evidence of progression ofliver disease in patients with haemophilia.
